attacks may become a significant health problem in the future, much as cancer is now.
This study had several main objectives. The first was to create a data set containing information on treatments and outcomes among AM1 patients in Japan, comparable to the Cooperative Cardiovascular Project (CCP)' in the United States. The CCP is a major policy initiative to improve the quality of care for Medicare beneficiaries with AM1 undertaken by the Health Care Financing Administration (currently called the Center for Medicare and Medicaid Services). The second objective was to investigate variation between the United States and Japan in the quality of health care for elderly patients (age sixty-five or over) with AMI, with respect to treatments and outcomes and controlling for chart-based detailed clinical information. In this study, we divide medical procedures performed on AM1 patients into high-tech and low-tech treatments. We define high-tech treatments as those with large fixed or marginal costs and low-tech treatments as those with relatively low fixed and marginal costs. Low-tech treatments, in principle, could be provided by virtually any medical facility (McClellan and Noguchi 1998) . Both types of procedures are used widely enough to contribute substantially to patient outcomes and hospital expenditure. This paper is organized as follows. Section 7.2 reviews related previous research. Section 7.3 justifies the empirical specification we use in this study. Section 7.4 describes the data on patient characteristics and treatments received. Section 7.5 uses a bivariate probit procedure to investigate the determinants of patient outcomes and hospital expenditure, mainly focusing on treatment differences. Section 7.6 discusses our findings and concludes.
Previous Research
Cardiac catheterization, a procedure that visualizes blood flow to the heart muscle through continuous radiologic images of the flow of dye injected into the coronary arteries, is the first step for an important set of high-tech intensive treatments for heart attack. If this procedure detects substantial blockages, it may be followed by a revascularization procedure 1. During the national phase of the CCP project, HCFA conducted standardized abstractions of the medical records of all Medicare beneficiaries hospitalized with AM1 over an eight-month period at essentially all hospitals in the United States that had not participated in a four-state pilot phase. The eight-month sampling frame was continuous at each hospital, and all sampling occurred between April 1994 and July 1995. Marciniak et al. (1998) provide more details on CCP goals, sampling and data collection strategy, and methods used to assure standardization and completeness of the medical record reviews. Altogether, charts were abstracted for approximately 180,000 AM1 patients. These data were linked to Medicare administrative records (enrollment and hospitalization files), which have been used in previous observational studies of AM1 practices and outcomes but do not include the clinical details present in the medical record abstracts. The enrollment files include comprehensive all-cause mortality information from Social Security records. intended to improve blood flow to the heart. The two common revascularization procedures are angioplasty (PTCA, or percutaneous transluminal coronary angioplasty), which involves the use of a balloon (or stent, recently) at the end of a catheter to eliminate blockages, and bypass surgery (CABG, or coronary-artery bypass graft surgery), a major open-heart surgical procedure to bypass the area of blockage.
Despite the importance of heart attacks for population health and the importance of these intensive procedures for health care resources use, the procedures have been studied in only a limited number of randomized clinical trials. Several trials examined the effectiveness of bypass surgery in the early 1980s and angioplasty in the following years. In general, these trials found limited mortality benefits in a few subgroups of patients treated. Trials of bypass surgery versus no intensive procedures included Brown et al. (1981) , Takekoshi, Murakami, and Nakajima (1983) , and Koshal et al. (1988) . Trials of angioplasty included Erbel et al. (1986) , Simmoons et al. (1988) , TIM1 Study Group (1989) , and Zijlstra et al. (1993) . But most of these studies focused primarily on the immediate use of angioplasty, rather than on its use at all during the episode of treatment for heart attack. Reflecting changes in expectations about treatment benefits, recent trials have focused on narrower questions about use of the intensive procedures, such as the timing of catheterization (e.g., Califf and TAM1 VA Study Group 1991) , the choice between angioplasty and bypass surgery, and the use of catheterization in very narrow subsets of patients (e.g., VANQWISH Study Group 1998).
Nonetheless, the procedures have become much more widely used in heart attack patients for several reasons. First, the equipment quality and personnel skill involved in the procedure has improved substantially since the time of the trials, leading to much lower complication rates. Second, trials on many types of heart disease patients, such as women and the elderly, were regarded as too costly to justify additional studies given the previous trial results. Third, as experience accumulated, fewer and fewer patients were willing to be randomized for such an important decision as an intensive cardiac procedure. As with many other intensive medical technologies, these heart procedures are now used in a much broader range of patients than have been explicitly supported by randomized trials.
Consequently, these procedures have been studied frequently using observational methods. In Japan, there have also been several observational studies on the effects of intensive procedures on patient outcomes, that is, by the Japanese Society of Interventional Cardiology. Studies based on direct comparisons of treated and nontreated patients have generally found that intensive cardiac procedures like bypass surgery were associated with significant and substantial mortality reductions in these additional patients, even after accounting for observational difference. For example, using the propensity-score methods reviewed in the following, Rosenbaum and Rubin (1984) estimate a large improvement in functional status and in survival for patients with heart disease undergoing bypass surgery. In contrast, observational studies using new statistical methods, such as instrumental variables (IV; e.g., McClellan, McNeil, and Newhouse 1994; McClellan and Newhouse 1997; Noguchi 1998,2001) and general method of moments (GMM; e.g., McClellan and Staiger 2000a,b) have found small mortality effects that appear to be due at least in part to other associated treatments. The estimation methods appear to matter for the results in this case, and the source of the discrepancy in the results-either in differences in biases or differences in the subpopulations included in the effect estimates-is unclear. These sorts of inconsistencies have plagued observational studies of treatment effects and limited their relevance for clinical practice and policies intended to influence it. Either IV or GMM is appropriate for population-based data with enough variation among patients and medical facilities such as the CCP, but not for data with a small number of observations and little variation, like the data we collected in Japan for this project.
First, therefore, we use a bivariate probit procedure in order to examine the effects of cardiac catheterization as a high-tech procedure on patient outcomes and hospital expenditures. Second, we will also focus on low-tech treatments during hospitalizations, such as aspirin, beta-blockers, calcium channel blockers, and smoking cessation. Unlike high-tech treatments, these drug treatments have been studied in a large number of randomized clinical trials since the 1980s (e.g., Lewis, Davis, and Archibald 1983; ISIS-2 Collaborative Group 1988; Kober et al. 1995; MERIT-HF 1999; and CIBIS-I1 1999) . The recent update of the 1999 ACC/AHA (American Heart Association/American College of Cardiology) guidelines originally released in 1996 collected scientific evidence regarding the benefits and risks of these drugs, including both randomized trial and observational studies. The ACC/AHA guidelines for AM1 patients recommend aspirin use and smoking cessation during hospitalization, and aspirin, beta-blockers, and angiotensin converting enzyme (ACE) inhibitors at discharge. The ACC/ AHA states that encouraging these procedures will contribute to improving survival probabilities in the population. This statement is consistent with conclusions from several studies based on the CCP (e.g., Jencks et al. 2000; Frances et al. 2000; Shilipak et al. 2001; Shlipak et al. 2002) .
Using the exclusion and inclusion criteria for these treatments from the ACC/AHA guidelines (table 7A. 1 ), we will examine how many patients were identified as good candidates for aspirin, beta-blockers; calcium channel blockers; and smoking cessation during hospitalization and how they were actually treated.* 2. For thrombolytic drugs-IV nitrogen and ACE inhibitors-the complete indicators for exclusion or inclusion criteria to determine ideal or good candidates are not available in our Japanese data.
Empirical Specification and Measurements
In this section, we explain our empirical specification for estimating the effects of high-tech and low-tech treatments after hospitalization on outcomes and medical expenditures and for investigating the variation in the quality of care across countries. Cardiac catheterization can be considered as the entry procedure for further intensive revascularization procedures. The mean and median durations between hospital admission and catheterization in our data are eight days and twenty-four hours, respectively. Thus, we use seven-day catheterization to measure the effects of high-tech procedures on outcomes and expenditure.
We will apply a bivariate probit procedure for evaluating the impacts of seven-day catheterization on the following dichotomous dependent variables: thirty-day and one-year mortality, and ninety-day and one-year hospital readmission for any cause. A seemingly unrelated regression method is used for the continuous dependent variables: ninety-day and one-year medical expenditures and length of stay from the first hospital admission3 (Maddala and Lee 1976; Maddala 1983; Greene 1993 Greene , 1998 . We use these dependent variables as measures for evaluating the quality of care for AM1 patients. In addition to seven-day catheterization, we include five low-tech procedures into our model as explanatory variables: use of thrombolytics, aspirin, beta-blockers, and ACE inhibitors and smoking cessation during hospital stay. We expect these low-tech procedures to be highly correlated with aggressive high-tech procedures. All regressions are controlled for patient demographic and chart-based comorbidity and severity measures.
There are a couple of major reasons for adopting a bivariate probit procedure in this study: (a) we suspected that the simple least squares procedure would produce inappropriate estimates because the dependent variables are binominal (0 or 1); (b) for estimating the effects of seven-day catheterization on patient outcomes and hospital expenditure, one single regression analysis including catheterization as an explanatory variable will be inappropriate and statistically biased as whether a patient undergoes cardiac catheterization within seven days after admission is endogenous. Seven-day catheterization would be highly correlated with patient characteristics and other drug use so that the independence among explanatory variables cannot be assumed to hold in the simple least squares method. Therefore, it is appropriate to assume a bivariate distribution for two probabilities: the likelihood a patient undergoes seven-day catheterization and the likelihood a patient dies or is readmitted within a certain period after discharge.
3. As regards the length of hospital stay, like hospital expenditure, ninety-day and one-year total durations of stay are ideal as measuring patient outcomes. However, the lengths of hospital stay after the first readmission are available only for limited number of patients in Japanese data.
The key regression formulas are the following:
(1)
(2) where E, -N(0, l), E, -N(0, l), COV(E~, E,) = p; yT and y: show unobserved underlying index determining seven-day catheterization and patient outcomes; y , and y2 are the observed patterns of seven-day catheterization and patient outcomes; and, finally, X I and X , include patient demographic characteristics, comorbidity, severity, and drug treatments. The dependent variables, yT and y ; themselves cannot be directly observed. However, with respect to regression formula (l), y , equals 1 if the patient underwent seven-day catheterization and 0 otherwise. Also, with respect to regression formula (2), y , equals 1 if the patient dies or is readmitted to the hospital within a certain period after discharge and 0 otherwise. The independent variables, X , and X,, include patient demographic characteristics; severity and comorbid measures; and drug use such as thrombolytics, aspirin, beta-blockers, and ACE inhibitors; and smoking cessation during hospital stay. The residuals from the two regressions, E, and E,, were assumed to have the standard normal distribution. In other words, we assumed the expected values were E(E,) = E(E,) = 0, and the distributions were Var(E,) = Var(E,) = 1. The covariance of E, and E, was to be COV[E~, EJ = p. We introduce the bivariate predicted probabilities as follows: yT = p,X, + E, y , = 1 ifyT > 0,O otherwise y: = P,X, + E, y , = 1 ify: > 0,O otherwise, seven-day catheterization ( y , = 1) and the patient dies or is readmitted ( y , = 1) seven-day catheterization ( y , = 1) and the patient does not die or is not readmitted ( y , = 0) readmitted ( y 2 = 1)
is not readmitted ( y , = 0) QO1: no seven-day catheterization ( y , = 0) and the patient dies or is aOo: no seven-day catheterization ( y , = 0) and the patient does not die or
The log-likelihood function to be maximized in terms of p,, P2, and p is (3) In L(P,, P2, P I = c YlY, In @ , I + c Y,(lv,) In @lo Note that because the hospital expenditure variable is continuous, we will utilize a seemingly unrelated regression procedure that assumes a bivariate probability distribution based on a linear regression rather than the bivariate probit procedure.
Data
Charts were abstracted for 371 AM1 patients admitted to ten medical facilities located in an urban area of Aichi prefecture in Japan. Charts were carefully reviewed by research nurses and physicians, with all sampling taking place between January and December 1995. The CCP includes Medicare enrollees, most of whom are sixty-five years and older. The population in this study was comparable, with 190 patients (out of 371) age sixty-five years and older. The median number of patients admitted to each medical facility within the study period was 23, and the median number of catheterizations performed was eighteen. We followed standardized procedures for abstracting medical records, similar to those used by the Health Care Financing Administration (HCFA) for the CCP. The record abstracts contain over 100 comorbidity and severity measures. The CCP's expert advisory panel believed that these measures collectively summarize all of the major associated diseases, functional status impairments, and aspects of AM1 severity that would influence the appropriateness of major AM1 treatment decisions and health outcomes.
For the U.S. sample, we extracted 889 patients from sixteen hospitals. These patients were chosen out of approximately 180,000 CCP patients with the goal of making the U.S. sample comparable to the Japan sample. First, we selected five metropolitan statistics areas (MSAs) in the United States with rates of AM1 incidence similar to Aichi prefecture (between 190 and 200 per 100,000 per year). Second, because the Japanese data only includes catheterization facilities, we excluded noncatheterization hospitals (defined as hospitals that performed fewer than four catheterizations per year, the minimum number of catheterizations in the Japanese data). Thus, we extracted patients hospitalized in medical facilities providing care with a similar level of technology in both countries. The median number of CCP patients admitted to each hospital was eighty, and the median number of catheterizations performed at each hospital was thirty-three. Therefore, the number of patients and catheterizations per year in each hospital are several times larger in the United States. Sampling for the CCP occurred between April 1994 and July 1995 at essentially all hospitals in the United States, which is slightly different than the sampling time frame for the Japanese data. A major technological change-the aggressive use of stent for PTCA or percutaneous coronary intervention (PC1)-occurred in 1996 to 1997 in both countries, but the difference in time frames between the studies would not likely affect our results. Note that all the results obtained in this study are not necessarily generalizable because all the included hospitals are high-volume catheterization hospitals in urban areas. Also, note that the following statistical analyses of the CCP data are weighted by the number of patients in each MSA. Table 7 .1 illustrates the data elements in record abstracts from the CCP and Japanese data. This highlights some of fundamental problems in observational analyses based on direct comparisons of treated and nontreated patients. The table shows that the fraction of patients who underwent catheterization was approximately 45 percent in the United States and 78 percent in Japan. In the United States, catheterized patients were more likely to be younger and male, although the gender gap of treatments in the Japanese data is trivial. This may explain why there are so few studies on the effect of gender on disease outcomes in Japan (e.g., Oe et al. 2002) or on treatment differences by gender. In contrast, the gender gap in the treatment of coronary artery disease in the United States has been widely explored, although the reasons for the disparity remain inconclusive. (See, for example, Harrold et al. 2003; Bertoni et al. 2004; Weisz, Gusmano, and Rodwin 2004; Hochman et al. 1999; and Rodwin and Gusmano 2002.) Demographic differences between treated and nontreated patients were described in previous studies based on less-detailed administrative records (e.g., McClellan, McNeil, and Newhouse 1994) . Rates of some of the additional comorbidity and severity variables are also reported; treated and nontreated patients differ substantially in almost all of these dimensions, with catheterized patients generally appearing to be in better health. Catheterized patients are much more likely than noncatheterized patients to be in good functional status (e.g., independent mobility). Also, they are generally less likely to have serious comorbid diseases like prior heart failure, posterior vitreous detachment (PVD) or claudication, cerebral hemorrhage, renal failure, and liver failure. The only exception is in the prevalence of chest pain due to heart problems prior to the AMI, which is a common indication for catheterization. Patients undergoing catheterization were much more likely to be alert and oriented on initial admission, to have no signs of serious heart failure (e.g., high heart rate or low blood pressure), and to have good kidney function as shown by nonelevated blood nitrogen. With literally hundreds of variables that describe patient characteristics, interpreting the cumulative consequences of the differences for outcomes is difficult. For this reason, we constructed a summary indicator of disease comorbidity and severity. The Killip class is based on a number of clinical characteristics related to the extent of heart failure in an AM1 patient. This measure has been shown to provide a reliable predictor of short-term AM1 mortality. Killip classes 3 and 4 indicate moderate and severe heart failure, while Killip classes 1 and 2 indicate relatively mild heart failure. As table 7.1 shows, catheterized patients in both countries are much more likely to be in the lowest Killip class. These results provide clear evidence that patient heterogeneity is a fundamental challenge for .1 also shows that outcomes may differ between catheterized and noncatheterized patients due to differences in treatments other than catheterization. Our medical reviews include substantial information on a range of treatments besides cardiac procedures, especially drug treatments, which might influence outcomes.
Patient Heterogeneity
First, regarding high-tech treatments, the table shows that Japanese patients tend to be more aggressively treated than the CCP patients. Among the CCP patients, 45 percent receive an angioplasty and 17 percent are catheterized, whereas the rates of these intensive treatments among the Japanese patients are 78 percent and 54 percent, respectively. Also, the timing of clinical decision making for intensive procedures is much earlier in Japan than in the United States. Within twenty-four hours after hospital admission, almost 60 percent of patients in Japan were treated by catheterization, and 40 percent were treated with angioplasty; the comparable rates among CCP patients were only 17 percent and 8 percent, respectively. Our findings are consistent with previous studies showing that, compared to other developed countries, angioplasty has rapidly spread in Japan since it was first performed in 1980 (Sasakuri et al. 1997) , and rates of PCI following cardiac catheterization are much higher in Japan (e.g., Nippon Shinkekkan Intervention Gakkai Gakujutsu Iinkai 1993; Endo and Koyanagi 1994) . These previous studies also found that the ratio of angioplasty to cardiac bypass surgery is much higher in Japan. Our results are consistent with the previous results. We find that in the United States, 17 percent of patients were treated with angioplasty and 11 percent with bypass surgery, whereas the rates in Japan were 54 percent and only I percent, re-~pectively.~ This extremely high ratio may be caused by alarmingly high mortality from cardiac bypass surgery in the early stage of diffusing bypass technology in Japan (Sezei et al. 1970; Hayashi 1972; Asada et al. 1970 ) and more-attractive reimbursement for angioplasty than bypass surgery (Yoshikawa et al. 2002) . Table 7 .1 shows that patients who receive catheterization are more likely to receive a variety of other beneficial treatments in both countries. For example, during hospitalization they are much more likely to receive aspirin, which has been directly shown to reduce AM1 mortality (92 versus 63 percent in the United States and 78 versus 57 percent in Japan); they are more 4. Previous studies (e.g., Nippon Shinkekkan Intervention Gakkai Gakujutsu Iinkai 1993; Endo and Koyanagi 1994) found that the ratio of angioplasty to bypass surgery is almost 5 to 1, on average, but it varies among regions-4 to 1 in the eastern region of Japan and 8 to 1 in the western region. Therefore, the results based on the data from collaborative medical centers in this study are extremely biased, with respect to the use of cardiac bypass surgery. likely to receive thrombolytic or "clot-busting" drugs, which help dissolve the blood clot that causes the AM1 (23 versus 10 percent in the United States and 37 versus 21 percent in Japan); and they are more likely to receive beta-blockers, which reduce the workload of the heart (57 versus 32 percent in the United States and 8 versus 2 percent in Japan). Catheterized patients in both countries are also more likely to receive protective drug treatments after discharge that might improve long-term outcomes, including aspirin and beta-blockers. But, in the United States, catheterized patients are slightly less likely to receive ACE inhibitors both during hospitalization and at discharge. These drugs are used primarily in patients with chronic heart failure (that is, patients who have had more severe AMIs). In the Japanese data, catheterized patients are more likely to receive them. In addition to these observed treatments, there are probably many other unobserved treatments and environmental influences that might differ for catheterized versus noncatheterized patients and also contribute to outcome differences.
Outcome Differences
The final section of table 7.1 shows the consequences of catheterization as well as of these differences in individual characteristics and treatments for patient outcomes. Not surprisingly, the differences are large, yet these differences are much larger in the United States than Japan. Noncatheterized patients have one-year mortality rates 3 1 percentage points higher (46 versus 15 percent) in the United States and 5 percentage points higher (32 versus 27 percent) in Japan. Large mortality differences appear at one day (10 percent versus 2 percent in the United States and 6 percent versus 3 percent in Japan) and increase steadily. These results suggest that catheterized patients have much lower mortality risks for all time intervals after AM1 than noncatheterized patients, but many other treatment differences may also contribute to the observed mortality differences.
Although patients we focus on in this study are sixty-five and older and so are covered by similar fee-for-service reimbursement systems in both countries, medical facilities in the Japanese data have weaker incentives for cost containment. One-year hospital expenditures, calculated using purchasing power parity, are higher for catheterized patients in both countries ($18,011 versus $13,057 in the United States, $31,790 versus $21,330 in Japan). In general, the mean length of stay from the first hospital admission is much shorter in the United States than in Japan (nine days versus thirty-two days). The longer length of hospital stay is one of the major causes of higher expenditures in Japan versus the United States. Further, seven-day catheterization has a reverse effect on the length of hospital stay between the CCP and Japanese patients. A CCP patient who undergoes an intensive procedure tends to stay in a hospital longer by approximately one day compared to the one who does not, while the hospital stay for a patient in Japan is six days shorter. In our Japanese data, almost 60 percent of patients underwent catheterization immediately after hospital admission. Patients who do not undergo seven-day catheterization tend to suffer from more-severe heart attacks so that they are expected to stay in hospitals longer than catheterized patients, probably for clinical reasons.
Like the health outcome differences, however, these differences may simply reflect differences in patient characteristics or treatments other than the effect of catheterization. For example, because catheterized patients are more likely to survive, they may have higher medical expenditures independent of catheterization use. Hence, we have to examine carefully the effects of seven-day catheterization on patient outcomes and hospital expenditures, controlling for both patient and treatment heterogeneity. (2), with the binomial dependent variable equaling 1 when a patient died or was readmitted to the hospital within a certain period after discharge and 0 otherwise. Each panel in table 7.2 shows only the treatment variables of interest, and all regressions include controls for detailed patient characteristics.
Results

Effects of High-Tech Procedure on the Quality of Care
First, we discuss the effects of high-tech interventions on patient outcomes, hospital expenditures, and length of stay. As shown in the panel B of table 7.2, both the CCP and Japanese data suggest that seven-day catheterization contributes to a decrease the probabilities of both mortality and readmission for all time intervals, although the impacts on ninetyday readmission is not statistically significant in either country. The effects of seven-day catheterization on mortality are much larger in the United States than in Japan. However, the difference in impacts of seven-day catheterization on thirty-day versus one-year mortality rates are almost the same in both countries (approximately 6 percentage points at one year). Further, seven-day catheterization decreases one-year readmission rates by 21 and 32 percentage points for the CCP and Japanese patients, respectively. Figures 7.1 and 7 .2 illustrate the adjusted probability of seven-day catheterization and patient outcomes by biprobit model in the United States and Japan, respectively. These figures show that the adjusted probabilities of thirty-day and one-year mortality conditional on seven-day catheterization are approximately 1 percent and 2 percent for CCP patients and 1 percent and 11 percent for Japanese patients. The adjusted probabilities of thirty-day and one-year readmission conditional on seven-day catheterization are approximately 3 percent and 9 percent for CCP patients and 2 percent and 36 percent for Japanese patients. Therefore, among those who undergo intensive procedures within one week, the risks of dying and being readmitted to a hospital are about the same in both countries over a relatively short time interval, but they become much larger at one year after the first hospital admission in the Japanese data compared to the CCP patients. On the other hand, the adjusted probabilities of thirty-day and one-year mortality conditional on no seven-day catheterization are approximately 23 percent and 26 percent for CCP patients and 0 percent and 0 percent for Japanese patients. As regards adjusted probabilities of thirty-day and one-year readmission conditional on no seven-day catheterization, they are approximately 39 percent and 15 percent for CCP patients and 0 percent and l percent for Japanese patients. Thus, among those without seven-day catheterization, the risks of dying and readmission are much larger in the CCP patients than the Japanese patients for any time interval, though the adjusted probability of readmission for the CCP patients without seven-day catheterization are dramatically improved from thirty days through the one-year time interval. These results could be affected by the difference in the timing of clinical decision making for intensive procedures between both countries. The aggressive and quick clinical choice of intensive procedures (Sasakuri et al. 1997; Nishida, Endo, and Koyanagi 1997) tends to improve patients' outcomes over shorter intervals, while it may lead to increased risks over longer intervals. On the other hand, over all intervals, the CCP patients without intensive procedures face much higher risks of death and readmission, compared to Japanese patients without seven-day catheterization.
After adjusting for patient chart-based characteristics, seven-day catheterization increases one-year hospital expenditures by $5,634 in the United States and by $3,028 in Japan. The significantly positive impacts of such high-tech treatments may partially account for the current high health care costs in both countries. The influence of a high-tech treatment on hospital expenditures is much larger for the CCP patients. However, note there are few observations for which hospital expenditure data are available in Japan, which makes it difficult to make the correct clinical policy implications. On the other hand, seven-day catheterization tends to have an opposite effect on the length of hospital stay in the two countries. High-tech treatments increase the length of stay from the first admission by about two days for the CCP patients and decrease it by nine days for Japanese patients, which is consistent with the results from the descriptive statistics. Adjusting for patient and treatment heterogeneity tends to enlarge the effect of intensive procedures on Japanese patients' length of stay, implying that unobserved factors such as other patient characteristics and medical centers cost constraint incentives affect the results.
Effects of Low-Tech Treatments on the Quality of Care
Similar to table 7.1, panel A in table 7.2 shows that drug use is highly correlated with high-tech treatments. For the CCP patients, the use of throm-bolytics, aspirin, and beta-blockers during a hospital stay have significantly positive correlations with seven-day catheterization. We also observe that, for Japanese patients, thrombolytics and aspirin use (but not beta-blockers) are positively correlated with high-tech treatments. Interestingly, smoking cessation is negatively related to seven-day catheterization in Japan. This suggests that those who are treated by intensive procedures are more likely to receive some low-tech treatments, and there exists treatment heterogeneity among patients. In order to adjust for the heterogeneity, we apply a bivariate probit procedure in this study. We observe that correlations calculated based on the covariance of residuals between the first and second equations, COV(E,, EJ = p, are statistically significantly different from 0 for the CCP patients, but that this is not the case for Japanese patients. This implies that the effect of treatment heterogeneity is much larger among the CCP patients.
As regards the effects of drug use on patient outcomes, aspirin use is seen to decrease thirty-day mortality rates by approximately 80 and 120 percentage points in the United States and Japan, respectively. The use of beta-blockers and ACE inhibitors also contributes to a decrease in the CCP patients' readmission rates, but this is not the case for Japanese patients. Rather, using beta-blockers and aspirin has a positive effect on oneyear mortality and readmission rates, respectively, in the Japanese data.
For the CCP patients, aspirin use seems to increase one-year hospital expenditures by $3,900 and the length of hospital stay by about one day. In contrast, it is interesting that aspirin use dramatically decreases one-year hospital expenditure in Japan. Also, use of thrombolytics contributes to a decrease in both ninety-day and one-year medical expenditures. In both countries, ACE inhibitor use tends to length the duration of hospital stay.
Although most effects of drug use are not statistically significant and vary among patient outcomes as dependent variables, they appear to be more significant for CCP patients than for Japanese patients. Next, we examine which patients can be defined as good candidates for receiving aspirin, beta-blockers, no calcium channel blockers, and smoking cessation during their hospitalization and how they are actually treated. Patients are defined as good candidates according to exclusion and inclusion criteria from the ACC/AHA guidelines (table 7A. 1). This tests the appropriateness of the low-tech treatments. Note that we define ideal or good candidates for not receiving calcium channel blockers, as many studies demonstrate harmful impacts on AM1 patients and their use has been decreasing in the United States (Rogers et al. 1996; ). Table 7 .3 summarizes the fraction of patients who are ideal or good candidates for each drug based on clinical records and the probability that ideal or good candidates were actually treated. Figure 7 .3 illustrates the probability, among ideal or good candidates, of receiving various treatments. Table 7 .3 shows that the rates of ideal or good candidates vary widely between the two countries. Note that the disparity between the two countries in the fraction of individuals who are ideal or good candidates may be caused by missing information on exclusions and inclusion criteria. For aspirin, beta-blockers, no calcium channel blockers, and smoking cessation, the rates of ideal or good candidates tend to be much higher for Japanese patients than for CCP patients: 68 percent versus 48 percent, 64 percent versus 26 percent, 83 percent versus 33 percent, and 41 percent versus 13 percent, respectively. The fraction of patients actually treated, among those identified as ideal or good candidates, is very alike, except the use of beta-blockers and smoking cessation. For Japanese patients, the underuse of beta-blockers and smoking cessation, relative to CCP patients, is noticeable, although the fraction of patients identified as ideal or good candidates tends to be large in Japan. Previous studies have explained the underuse of beta-blockers in Japan in various ways. Provocative vasomotor studies of Japanese patients found a higher incidence of inducible spasm and greater vasoconstriction of nonspastic segments than Caucasian studies (Beltrame, Sasayama, and Maseri 1999; Pristipino et al. 2000) . Therefore, in Japan, cardiologists may avoid using beta-blockers that could lead to an incidence of inducible spasm in order to avoid unnecessary critical complications. On the other hand, Wang and Stafford (1998) emphasized the effects of nonclinical factors on beta-blocker use, such as age, unnecessary fear of complications without medical evidence, and regional and physicians' characteristics. Also, Wang and Stafford (1998) pointed out that uninsured patients are more likely to undergo beta-blocker treatments that cost much less than other treatments in the United States. Because we focus on elderly patients at age sixty-five and older in this study, both CCP and Japanese patients are reimbursed by similar fee-for-service reimbursement systems in both countries. Therefore, the underuse of beta-blockers would be expected partly because of the weaker incentives for cost containment in Japan.
Finally, compared to drug use, it would be difficult to justify criteria for identifying ideal or good candidates for high-tech treatments. However, according to guidelines by ACC/AHA (table 7A. l), we define three types of candidates for catheterization: usually indicated, always acceptable and considered useful/effective (CLASS I); acceptable, of uncertain efficiency and may be controversial, weight of evidence in favor of usefulness or efficacy (CLASSIIa); and acceptable, of uncertain efficiency and may be controversial, not well established by evidence, can be helpful and probably not harmful (CLASSIIb). In the data, almost all patients are classified into either CLASS I or CLASSIIa. While the fraction of patients identified as CLASS I, that is, relatively ideal candidates, is higher for the CCP than Japanese patients (41 percent versus 12 percent), the fraction in CLASS-IIb, that is, good candidates, is higher for Japanese patients (88 percent versus 34 percent). For patients classified into either CLASS I or CLASSIIa, figure 7.3 shows that Japanese patients are 1.5 to 2 times as likely to be catheterized than the CCP patients.
Therefore, we conclude that the patterns of ideal or good candidates for drug use according to ACC/AHA guidelines are very alike between two countries. The CCP patients are more aggressively treated by beta-blockers than Japanese patients, and we observe that collaborative medical centers in the data tend to perform intensive procedures more often.
Discussion
The CCP is the first major undertaking of the Health Care Quality Improvement Program (HCQIP) from 1992 to 1998 administered by the HCFA. Under this project, peer review organizations in all states encouraged health care providers to improve their systems of care for given quality indicators for patients with AMI. The new data collected by the HCQIP show that the quality of care for each clinical indicator varies from state to state and region to region. As regards AMIs, the data suggest that prescribing beta-blockers and aspirin for patients who have had a heart attack would be a course of action that could save hundreds to thousands of lives each year. One sign of the success of the CCP pilot project in Alabama, Connecticut, Iowa, and Wisconsin was an increase in the use of betablockers for heart attack patients, following dissemination of the study's results, from 47 percent to 68 percent (Centers for Medicare and Medicaid Services 2000).
The HCQIP and the CCP are considered models of public health policy. The HCQIP identified twenty-four process-of-care measures5 that are strongly supported by clinical science and are widely accepted standards of care. These standards relate to primary prevention, secondary prevention, or the treatment of the six medical conditions including AMI, breast cancer, diabetes, heart failure, pneumonia, and stroke. Therefore, the purpose of this study is to help improve health care policies in Japan where there has not yet been established a system for collecting nationwide-individuallevel clinical data.
We create a database comparable to the CCP, and we focus our investi-5. For measurements indicating the quality of care for patients with AMI, the following indexes are used: administering aspirin to a beneficiary within twenty-four hours of the beneficiary's admittance to a hospital (national median is 84 percent); prescribing aspirin when a beneficiary is discharged (national median is 85 percent); administering a beta-blocker to a beneficiary within twenty-four hours of the beneficiary's admittance to a hospital (national median is 64 percent); prescribing beta-blockers when a beneficiary is discharged (national median is 72 percent); prescribing ACE inhibitors for patients with decreased left ventricular ejection fraction (national median is 71 percent); providing smoking cessation counseling to patients in the hospital (national median is 40 percent); the length of time before a patient receives angioplasty in minutes (national median is 120 minutes); and the length of time before a patient receives thrombolytic therapy in minutes (national median is 40 minutes; Jencks et al. 2000) . gation on the variation in the quality of health care with respect to treatments and outcomes between the United States and Japan, controlling for chart-based detailed clinical information on elderly patients, sixty-five years old and over, with AMI. Our main conclusions are as follows.
First, we found that there is significant heterogeneity among patients and in treatments that could influence the quality of care among elderly AM1 patients. In both the United States and Japan, catheterized patients were more likely to be younger and in better health. Interestingly, the differences in treatment between men and women in Japan are trivial, as compared with treatment differences by gender in the United States. Also, Japanese patients tend to be more aggressively treated by angioplasty following catheterization than the CCP patients.
Comparison of national health systems may provide an insight into the effects of health system characteristics on the different treatment patterns in the United States and Japan. In the United States, inpatient care for older persons is only partially covered by Medicare, and beneficiaries could not receive prescription drug coverage for ambulatory care until recently, unless they had beforehand purchased supplemental insurance or hold coverage from a former employer. Medicare's diagnosis-related group (DRG) payment system for hospitals fixes the payment at the time a patient is admitted to the hospital. Thus, since DRG was adopted in 1984, it might appear to provide strong incentives to providers to limit costs. On the other hand, under the Japanese universal health insurance system, all medical facilities are reimbursed on a fee-for-service basis according to an official fee schedule (shinvyo hoshu). Manipulation of the fee schedule serves as one of the primary mechanisms by which the Ministry of Health, Labour and Welfare regulates the supply of medical care, utilization rates, and aggregate health care expenditure. So far, in Japan, medical providers have no socioeconomic incentive to distinguish treatments for female from male patients. Also, the upward trend in reimbursement for intensive cardiac treatment has translated into increased availability of the procedures and has motivated health care providers to utilize the high-tech procedures.
Second, after adjusting for chart-based patient characteristics and variation in treatments, we observe that high-tech treatments would significantly improve patient outcomes and would increase hospital expenditures but that the effects are much larger for the CCP patients than the Japanese patients.
Third, the aggressive and quick clinical choice to use an intensive procedure tends to improve patients' outcomes in the shorter time interval, but it may lead to increased risks in the longer time period.
Fourth, a CCP patient who undergoes an intensive procedure tends to stay in a hospital longer compared to the one who does not, while a patient who undergoes an intensive procedure in Japan is inclined to stay in the hospital for a shorter period. This apparent difference between Japan and the United States may be a result of patient characteristics that are unobserved in the data, as well as the economic incentives of the respective health care systems. In the Japanese data, almost 60 percent of patients underwent catheterization immediately after hospital admission. Those who were not treated by seven-day catheterization are typically in very critical condition, leading to longer hospital stays. Also, under the universal coverage system in Japan, patients may have an economic incentive to stay longer in hospitals, particularly when they have no informal or unpaid caregivers (such as relatives) or sufficient financial resources to afford formal home care. Lately, in order to shorten the length of hospital stay and decrease medical expenditure, the Ministry of Health, Labour and Welfare raised the coinsurance rate for insured care services from 10 percent to 15 percent when a patient occupies an acute-care bed for more than 180 days.
Fifth, the patterns of ideal or good candidates according to ACC/AHA guidelines are very similar between the two countries, except beta-blocker use, smoking cessation, and catheterization. The CCP patients are more aggressively treated with beta-blockers and smoking cessation than Japanese patients, while we observe that collaborative medical centers in the Japanese data tend to perform intensive procedures more often. The underuse of beta-blockers in Japan was also found by previous studies and was attributed to clinical and socioeconomic causes.
The data collected for this study may not be representative of the AM1 population in Japan, as the data only contain patients admitted to highvolume and high-tech hospitals in a specific region. The statistically insignificant results mentioned in the preceding reveal the shortcomings of the current data. In order to overcome these shortcomings, our goal is to expand the hospitals and patients covered by this project in the future. IG-ASA Good candidate for aspirin If XC31809 = 1 or XBSTOOL = 1 or XBLEED = 1 or XCOAGULP = 1 or XCI 1806 = 1 or XPLTl = 1 or XDXLIV = 1 or XULCER = 1 or XHEMAC = 1 or XYLCRE91= 1 or XCANCER = 1 or XTERMIL then excluded from ideal/good candidates for aspirin during hospitalization.
IG-BBK
Good candidate for beta blocker If XSHOCK = 1 or XSYST = 1 or XCOND = 1 or XASTHMA = 1 or XBRDYPLS = 1 or XLVEFl = 1 or XLVEF2 = 1 or XCHF = 1 or XCOPD = 1 or XDEMENT = 1 or XC18004 = 1 or XC1225 = 1 or XCANCER = 1 or XTERMIL = 1 then excluded from ideal/good candidates of beta-blocker during hospitalization.
Note: If XCOND1 = 1 or XCOND2 = 1 or XCOND3 = 1 or XCOND4 = 1 then XCOND = 1 Source; Ryan et al. (1999) . "CLASS1 = usually indicated, always acceptable and considered useful/effective. bCLASSIIa = acceptable, of uncertain efficiency and may be controversial; weight of evidence in favor of usefulnesslefficacy. 'CLASSIIb = acceptable, of uncertain efficiency and may be controversial; not well established by evidence, can be helpful and probably not harmful.
